Introduction
Acetaldehyde is widely used as an important intermediate for the synthesis of organic compound such as acetic acid, ethyl acetate, acetic anhydride, butanol and others 1 .
Normally, acetaldehyde can be produced via several process including acetylene hydration, partial oxidation of ethylene or ethanol and also ethanol dehydrogenation 2 .
The oxidation of ethylene to acetaldehyde or Wacker process requires expensive catalyst and high reaction temperature 2, 3 . According to these drawbacks, the oxidative dehydrogenation of ethanol is found to be a promising reaction to produce acetaldehyde with lower reaction temperature and mild conditions 4 6 . Moreover, there has been interest in bioethanol ethanol produced from agricultural materials such as starch and sugar cane as a renewable feedstock for chemical production 7 because it is non-toxic chemical at room temperature and chemically stable 8 .
Besides acetaldehyde, ethanol can be converted to several chemicals such as ethylene and diethyl ether via catalytic dehydration reaction 9, 10 .
Hydrotalcite or layered double hydroxides LDHs is brucite-like structure with positive charge layers balanced with anionic molecules in the interlayer 11, 12 . Many researchers are interested in both LDHs and the modified one such as the mixed oxide derived from calcination of hydrotalcite 13 and supported metal catalyst 14, 15 . The basic property of this material is important for the catalytic performance on dehydrogenation reaction 16 . The Mo-modified hydrotalcites were used in several catalytic reaction such as selective oxidation of cyclohexene 17 , oxidative dehydrogenation of propane 18 or alkoxylation reaction 19 . Inmanee et al. 20 have studied ethanol dehydrogenation over Momodified mixed phased alumina and the results showed that Mo modification promoted selectivity toward acetaldehyde. In case of oxidative dehydrogenation, vanadium has been considered as one of the most active metals on oxidative dehydrogenation of propane. The mixed oxide derived from decavanadate-exchanged LDH exhibited a high activity in this reaction 21 . Vanadium catalysts have also been ethanol. In the oxidative atmosphere, vanadium oxide over Zr-La/SBA-15 showed the highest ethanol conversion 98 having acetaldehyde yield of 40 at 300 3 .
In this study, the Mg-Al hydrotalcite was synthesized by co-precipitation method followed by calcination process to obtained Mg-Al mixed oxide. The catalyst was modified by adding vanadium and molybdenum via incipient wetness impregnation. All catalysts were characterized and tested the catalytic activity for both oxidative and non-oxidative dehydrogenation of ethanol. The effect of metal V and Mo loading and the reaction atmosphere on catalytic activity of these catalysts was investigated.
Experimental

Materials
The Mg-Al catalyst was synthesized from aluminium nitrate nonahydrate, magnesium nitrate hexahydrate, sodium hydroxide and sodium carbonate purchased from Sigma-Aldrich . The metal precursors of vanadium and molybdenum were vanadyl acetylacetonate Sigma-Aldrich and ammonium molybdate Ajax Finechem Pty Ltd . In the catalytic reaction study, absolute ethanol was purchased from Merck.
Catalyst preparation
The Mg-Al hydrotalcite was synthesized by co-precipitation method as described in our previous study 22 . The obtained hydrotalcite powder was calcined at 450 in air for 6 h to form Mg-Al mixed oxide. The Mo-and V-modified Mg-Al catalysts were prepared by incipient wetness impregnation of Mg-Al mixed oxide with an aqueous solution of ammonium molybdate and an ethanolic solution of vanadyl acetylacetonate solution, respectively, to obtain the final catalysts having 5 wt of metal. Then, the catalysts were dried in oven at 110 for 24 h and calcined at 450 for 2 h in air. The Mg-Al catalyst, Mo-modified and V-modified Mg-Al catalyst was denoted as Mg-Al, Mo/Mg-Al and V/Mg-Al, respectively.
Catalyst characterization
X-ray diffraction XRD : The bulk crystalline structure of all catalysts was measured by X-ray diffractometer, SIEMENS D-5000, with CuK α radiation source λ 1.54439 Å with Ni-filtered in the range of 2θ 10 to 80 degree. N 2 -physisorption: The specific surface area of all catalysts was analyzed by multipoint BET method using Micromeritics ASAP 2000 automated system. All catalysts were dried in oven at 100 for 24 h before analysis. The catalyst sample of 0.1 g was degassed 200 for 4 h prior to N 2 physisorption. The adsorption/desorption isotherms were conducted at 196 . Pore size and pore volume were obtained from BJH method. X-ray photoelectron spectroscopy XPS : XPS technique was used in order to investigate the chemical state of metal oxide on the surface of catalyst. The catalyst samples were performed in the AMICUS photoelectron spectrometer Kratos with MgK α X-ray radiation at current of 20 mA and voltage 10 kV. The C 1s at 285.0 eV was taken as a reference. Scanning electron microscopy SEM and energy dispersive X-ray spectroscopy EDX : The morphology of catalysts was examined by Hitachi model S-3400N with the accelerating voltage of 30 kV. The catalyst sample was prior coated with platinum under ion sputtering device to prevent charging. The near-surface elemental composition was determined using Apollo X Silicon Drift Detector Series by EDAX.
Inductive coupled plasma-optical emission spectroscopy ICP-OES : The metal content in the catalyst vanadium and molybdenum was analyzed by ICP-OES Perkin Elmer model PLASMA-1000 . Carbon dioxide temperature-programed desorption CO 2 -TPD : The basicity of all catalysts was determined by CO 2 -TPD technique using Micromeritics Chemisorb 2750 automated system. The catalyst 0.05 g was packed in the glass tube and preheated under helium flow rate 25 cm 3 / min at 450 for 1 h. Then, the catalyst was saturated with CO 2 at 40 for 30 min. The physisorbed CO 2 was desorbed in He flow for 2 h. The temperature-programed desorption was performed under He flow from 40 to 500 at heating rate of 10 /min. The desorption signal as a function of temperature was analyzed via thermal conductivity detector TCD . Thermogravimetric analysis TGA : The carbon deposition on catalyst surface was investigated by TGA. The spent catalyst sample ca. 15 mg was analyzed under oxidative atmosphere from 30 to 1000 at heating rate of 10 /min in the thermal gravimetric SDT analyzer model Q600 .
Reaction study
The catalytic activity of all catalysts was investigated by the previous reported procedure 22 . The catalyst 0.05 g was placed over quartz wool bed 0.01 g in the continuous fixed-bed glass reactor with I.D. of 0.7 cm. The reactor was heated by the electric furnace to the desired temperature. According to removed moisture, the catalyst was preheated at 200 in N 2 for 30 min before the reaction. The ethanol was fed from the syringe pump to the vaporizer at 150 and flow rate of 1.45 mL/h to obtain the weight hourly space velocity WHSV of 22.9 h 1 . The gaseous ethanol was mixed with N 2 gas and air in case of oxidative condition to the flow rate of 60 mL/min. The reaction was performed at the temperature range from 200 to 400 . At each temperature, the reaction was kept for 30 min to reach the steadystate. The hydrocarbon products were analyzed by gas chromatograph with flame ionization detector FID , while CO x was measure by thermal conductivity detector TCD .
Results and Discussion
Catalyst characterization
XRD patterns of catalysts are shown in Fig. 1 . The characteristic peak of MgO periclase were observed at 2θ ≈ 37 , 43 and 63 in all samples. This indicated that the Mg-Al mixed oxide was formed after calcination process 23 . The distinguished peak of V and Mo species were not found in XRD patterns of modified catalysts. It indicated that V and Mo were in the amorphous state or in small crystallite 24 due to the well dispersion on Mg-Al catalyst surface 20 .
The BET surface area of Mg-Al catalyst and their metal modified catalysts were measured by N 2 -physisorption. The obtained catalysts exhibited type IV isotherm with hysteresis loops as shown in Fig. 2 . It indicated a mesoporous material. Moreover, the pore size distribution was evaluated as shown in Fig. 3 . It reveals that most pores are in the range of 2 to 50 nm for Mg-Al catalyst and Mo/Mg-Al catalyst, and 2 to 60 nm for V/Mg-Al catalyst indicating the mesoporous materials 25 . Simultaneously, the pore size distribution curve broadened when V was loaded on the Mg-Al catalyst V/Mg-Al which was possibly caused by blockage of smaller pore of VO x particles. This result agreed with the decrease in BET surface area Table 1 .
The oxidation states of vanadium and molybdenum on the catalyst surface were measured by X-ray photoelectron spectroscopy XPS . The results are shown in Fig. 4 . For V/ Mg-Al catalyst Fig. 4a , the peak at 525 eV was observed, corresponding to V 5 2p 1/2 3 . Fig. 4b shows the XPS spectra The morphology of all catalysts was investigated by SEM/EDX. The SEM image indicated that the addition of molybdenum did not significantly change the Mg-Al morphology, while the agglomeration of particles was observed in case of vanadium loading Fig. 5 . The near-surface elemental distribution of all catalysts was measured by EDX as shown in Table 2 . The Mg/Al molar ratio of Mg-Al catalyst was around 2.00 as expected from the synthesis. The ratio was slightly changed when vanadium was loaded. The measurement of metal loading by EDX exhibited twofold higher metal content than the result obtained by ICP technique Table 2 . This result indicated that the metal particles were located mainly near the catalyst surface.
The surface basicity of catalysts is the key factor to determine the catalytic activity of dehydrogenation and oxidative dehydrogenation of ethanol 27 29 . Thus, CO 2 -TPD was performed to measure the basicity of catalysts. The CO 2 -TPD profiles of all catalyst were shown in Fig. 6 . The TPD profiles showed two desorption peaks, in the range of 40-200 and over 200 . The peak at lower temperature range indicated weak basic site OH groups and the broad Fig. 1 XRD patterns of catalysts. Table 1 . When base density was calculated from basicity and surface area of catalyst, it was found that V/Mg-Al showed the highest base density of 6.13 μmol CO 2 /m 2 . The base density tended to decrease in the order of V/Mg-Al Mo/Mg-Al Mg-Al. 
Oxidative Dehydrogenation of Ethanol over V/Mg-Al and Mo/Mg-Al Catalyst
Reaction study
The catalytic activity of all catalysts was determined through catalytic dehydrogenation and oxidative dehydrogenation of ethanol at temperature 200 to 400 . The ethanol conversion of each catalysts is presented in Figs. 7 and 8. The ethanol conversion increased with reaction temperature. These catalytic behaviors were observed in both non-oxidative dehydrogenation and oxidative dehydrogenation of ethanol.
Non-oxidative dehydrogenation of ethanol
In the absence of oxygen, the metal-modified Mg-Al catalysts exhibited higher activity than Mg-Al catalyst Fig. 7 . The catalyst with vanadium V/Mg-Al showed the highest ethanol conversion in the temperature range of 250-400 and the maximum conversion of 34.3 was found at 400 . The activity tended to decrease in the order of V/ Mg-Al Mo/Mg-Al Mg-Al. This trend was consistent with the base density of catalyst as shown in Table 2 . At low temperature range 200-300 , the products of ethanol dehydrogenation mainly consisted of acetaldehyde selectivity 80
, ethylene and trace amount of diethyl ether. The acetaldehyde selectivity of all catalyst decreased with increased temperature because of the formation of ethylene as a competitive product, especially on V/Mg-Al catalyst Fig. 8 . Although the V/Mg-Al catalyst exhibited the lowest selectivity at 400 , the highest acetaldehyde yield 15.5 was observed due to the highest conversion Fig. 9 . This result indicated that the presence of Mo and V on the surface of Mg-Al catalyst enhanced the rate of dehydrogenation of ethanol in the absence of oxygen. It was probably due to the enhancement of surface base density of modified catalysts 32 . The proposed mechanism of nonoxidative dehydrogenation of ethanol over V/Mg-Al catalyst 8 Acetaldehyde selectivity of all catalysts under nonoxidative dehydrogenation.
is described as followed. In the first step, ethanol is adsorbed on acid-base site of Mg-Al oxide and vanadium oxide on the catalyst surface 33, 34 . The O-H bond of ethanol dissociates and form an ethoxide species, then the α-hydrogen is abstracted by Mg-O-Mg group on the surface. The acetaldehyde is desorbed as product and H atom on the surface recombines with H from V-O-H group to form H 2 . The proposed mechanism is shown in Scheme 1. Although low acetaldehyde yield was observed in nonoxidative dehydrogenation reaction, the production of hydrogen as byproduct was considered as the advantage of this reaction.
Oxidative dehydrogenation of ethanol
When the reaction was performed in the presence of oxygen oxidative dehydrogenation , the ethanol conversion of all catalysts was higher than those in the absence of oxygen. At low temperature range 200-300
, the Mo/ Mg-Al catalyst revealed the highest ethanol conversion as shown in Fig. 10 . The highest conversion of 22.2 was found at 300 for this catalyst. When the reaction temperature increase to 350 , the Mg-Al catalyst showed the highest ethanol conversion of 45.8 . Finally, the V/Mg-Al catalyst exhibited the highest conversion of 73.7 at 400 . The oxidative dehydrogenation products differed from in the non-oxidative dehydrogenation. The product at low temperature range 200-300 mainly consist of acetaldehyde Fig. 11 , but various byproducts were formed at high temperature range 350-400 such as ethylene, diethyl ether, ethyl acetate, acetic acid and carbon dioxide. The acetaldehyde selectivity remarkably decreased at 400 due to further decomposition to form mainly carbon dioxide. The Mg-Al catalyst exhibited the highest acetaldehyde yield of 29.7 at 350 due to the highest basicity Fig. 12 . At 400 , the V/Mg-Al catalyst showed the highest acetaldehyde yield of 29.5 . It was suggested that both basic site and vanadium oxide species on the catalyst surface affected the catalytic activity on this reaction in Fig. 9 Acetaldehyde yield of all catalysts under nonoxidative dehydrogenation.
Scheme 1 Proposed mechanism of non-oxidative dehydrogenation of ethanol over V/Mg-Al catalyst. oxidative atmosphere 35 . The proposed mechanism of oxidative dehydrogenation of ethanol is shown in Scheme 2.
The ethanol molecule adsorption and acetaldehyde formation step are similar to the first step of non-oxidative dehydrogenation mechanism as mentioned in Scheme 1. However, in the oxidative atmosphere, H from the V-O-H group combines with OH from Mg-OH group to produce H 2 O leading to the oxygen vacancy on the catalyst surface. Then, the surface is re-oxidized by oxygen in the feed 28 .
This mechanism is probably faster than the non-oxidative dehydrogenation, thus the observed activity of catalyst in oxidative dehydrogenation is higher than non-oxidative one.
The stability of all catalysts was performed with time on stream TOS for 10 h Fig. 13 . In order to control the ethanol conversion approximately 40-60 , the reaction temperature was fixed for each catalyst 9 350 for Mg-Al catalyst, 375 for V/Mg-Al catalyst and 400 for Mo/ Mg-Al catalyst . The result showed that all catalysts were comparatively stable upon 10 h. The activity slightly decreased when Mg-Al and V/Mg-Al catalyst was tested for 10 h due to carbon deposition. The Mo/Mg-Al exhibited higher deactivation than others due to high reaction temperature and the lowest activity of catalyst. The spent catalysts were investigated for coke deposition by TGA because the weight loss can represent the amount of carbon deposition. It was found that the catalysts with higher activity Mg-Al and V/Mg-Al showed large amount of carbon deposition ca 20 wt.
as seen in TGA profile Fig. 14 . In case of the lowest activity catalyst, the Mo/Mg-Al catalyst exhibited small amount of carbon deposition ca 12 wt. due to the lowest basicity which affected the activity in oxidative dehydrogenation of ethanol. Fig. 11 Acetaldehyde selectivity of all catalysts under oxidative dehydrogenation. Fig. 12 Acetaldehyde yield of all catalysts under oxidative dehydrogenation.
Scheme 2 Proposed mechanism of oxidative dehydrogenation of ethanol over V/Mg-Al catalyst.
Conclusion
The vanadium-and molybdenum-modified Mg-Al mixed oxide catalysts obtained from hydrotalcite were prepared, characterized and investigated the catalytic activity for oxidative and non-oxidative dehydrogenation of ethanol. It was found that the metal loading affected the characteristic and activity of catalyst. The surface area and basicity of catalyst decreased when the metals V or Mo was added. Considering the base density of catalysts, the V/Mg-Al catalyst exhibited the highest base density of 6.13 μmol CO 2 / m 2 . This result was consistent with the activity of V/Mg-Al catalyst for both non-oxidative dehydrogenation and oxidative dehydrogenation. The V/Mg-Al catalyst exhibited the highest ethanol conversion 34.3 and acetaldehyde yield 15.5 at 400 under non-oxidative condition. In the oxidative dehydrogenation, it showed the highest ethanol conversion 73. 7 and acetaldehyde yield 29.5 at 400 . The results showed that vanadium species as well as basicity of catalysts play an important role in both nonoxidative and oxidative dehydrogenation. 
